MAGNETIC POLE POSITION DETECTOR FOR ROTOR 



FIELD OF THE INVENTION 

This invention relates to detecting the position of a magnetic pole of a 
motor by use of a magnetic sensor. 

BACKGROUND OF THE INVENTION 

Tokkai Hei 11-215881 published by the Japanese Patent Office in 1999 
discloses a magnetic pole position detector of a brushless DC motor. 

The detector is provided with a disk which rotates together with a rotor of 
the motor. The rotor is provided with four magnets so as to form four 
magnetic poles. The outer periphery of the disk is also magnetized to have 
four magnetic poles. Three Hall integrated circuits facing the outer periphery 
of the disk detect variations in a magnetic flux resulting from the rotation of 
the disk and output a signal indicating the rotation position of magnetic 
poles. 

SUMMARY OF THE INVENTION 

However, providing an auxiliary disk for detecting the rotation position of 
magnetic poles increases the size of the motor. Further, in order to ensure the 
accuracy of detection, it is indispensable to precisely magnetize the outer 
periphery of the disk. 
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On the other hand, a device is known in the art which detects the 
magnetic flux of a magnet of the rotor directly using a Hall integrated circuit. 
The Hall integrated circuit is disposed adjacent to the rotor in an axial 
direction and outputs positive or negative signals in response to the leakage 
flux of the magnetic poles. Leakage flux is magnetic flux which is not directed 
towards the coils of the stator, that is to say, magnetic flux not applied to the 
rotation of the rotor. 

Increases in the size of the motor are avoided since this device not does 
employ a disk. However , errors in detecting variations in magnetic flux are 
liable to result due to the fact that the output signal of the Hall integrated 
circuit varies regularly in a sinusoidal wave form and the slope of the curve in 
the switchover region where the output signal changes from a positive to a 
negative signal is gentle. Furthermore when an exciting current is supplied to 
the coils of the stator, the apparent rotation positions of the magnetic poles is 
shifted since the magnetic flux of the exciting current affects the performance 
of Hall integrated circuit. 

It is therefore an object of this invention to detect the rotation positions 
of magnetic poles of a rotor correctly using a magnetic sensor such as Hall 
integrated circuit. 

In order to achieve the above object, this invention provides a magnet 
pole position detector for such a rotor that has a plurality of magnets disposed 
on a circular periphery, and rotates with a rotation shaft. The detector 
comprises plates of the same number as the magnets and a magnetic sensor. 
The plates are made of a magnetic material. Each of the plates is disposed on 
the rotor at a position along a circular path nearby a corresponding magnet 

- 2 - 



and magnetized by leakage flux of the corresponding magnet. The magnetic 
sensor outputs a signal in response to a variation of a magnetic flux density 
on the circular path. 

The details as well as other features and advantages of this invention are 
set forth in the remainder of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a magnetic pole position detector of a 
rotor according to this invention. 

FIG. 2A and FIG. 2B are a cross-sectional view of the rotor and a 
linearized cross-sectional view of plates made of magnetic materials according 
to this invention. 

FIG. 3 is a diagram of an output signal of a magnetic sensor with respect 
to a distance from an end face of the rotor to the magnetic sensor, according 
to this invention. 

FIGs. 4A - 4D are diagrams showing a rectangular wave signal with 
respect to positions of the plates, positions of the magnets, and an output 
signal of the magnetic sensor, according to this invention. 

FIGs. 5A - 50 are diagrams showing output signals of three magnetic 
sensors that are disposed to face the end face of the rotor, according to this 
invention. 

FIGs. 6A- 60 are longitudinal cross -sectional views of the main components 
of the rotor showing variations in the disposition of the plates, according to 
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this invention. 

FIG. 7 is a cross-sectional view of the rotor according to a second embodiment 
of this invention. 

FIG. 8 is a schematic diagram of the magnetic pole position detector 
according to a third embodiment of this invention, 

FIG. 9 is a cross-sectional view of an outer rotor according to the third 
embodiment of this invention. 

FIGs. lOA and lOB are enlarged longitudinal- sectional views of the main 
components of the rotor showing alternative constructions of the end face of 
the rotor, according to this invention. 
J FIGs. IIA - IID are enlarged longitudinal-sectional views of the main 

= ' components of the rotor showing alternative constructions of the rotor, according 
m to this invention. 

m FIG. 12 is a cross-sectional view of the rotor according to a fourth 

H'- embodiment of this invention. 

FIG. 13 is a front view of a disk according to a fifth embodiment of this 
invention. 

FIG. 14 is a longitudinal-sectional view of the rotor and a stator according 
to a sixth embodiment of this invention. 

FIG. 15 is a cross-sectional view of the rotor taken along the line XV - XV 
in FIG. 14. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to FIG. 1 of the drawings, a synchronous motor 13 is provided 
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with a rotor 17, a rotation shaft 21 of the rotor 17 and a stator 19 which has 
a plurality of coils 26 facing an outer periphery of the rotor 17. 

Referring now to FIG. 2A, the rotor 17 is provided with magnets 15 which 
have four pairs of magnetic poles disposed alternatively at equal angular 
intervals. By providing polyphase alternating currents to the coils 26 to form 
rotating magnetic fields, the magnets 15 are invoked to follow the rotating 
magnetic fields and, as a result, the rotor 17 rotates in synchronism with the 
rotating magnetic fields. 

The N poles and S poles of the magnets 15 shown in FIG. 2A egress the 
polarity of the magnets 15 on the outer periphery of the rotor 17 facing the 
stator 19. 

Referring again to FIG. 1 , an end plate 23 of a non-magnetic body is fixed 
to an axial end of the rotor 17. 

Plates 25 made of magnetic materials are recessed on the end plate 23 as 
shown in FIG. 2A at positions corresponding to the respective magnets 15. A 
predetermined space is provided between adjacent plates 25. The central axis 
of these spaces coincides with a straight line connecting the center of the 
rotor 17 and the middle point of two magnets 15. A non-magnetic body may 
be sandwiched between the plates 25 instead of the space. The plates 25 
displace on a circular path on an axial end face of the rotor 17 together with 
the rotation of the rotor 17 as shown in FIG. 2A. 

Magnetic sensors 27 are fixed at three positions on a case 13A of the 
motor 13 facing the circular path. Hall integrated circuits, MR circuit elements 
or GMR circuit elements may be used for example as the magnetic sensors 27. 
The output signal of the magnetic sensors 27 is output to a drive device (not 
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shoAvn) of the motor. The drive device detects a magnetic pole position on the 
basis of this signal and generates a polyphase alternating current corresponding 
to a torque applied to each magnet 15. This alternating current is supplied to 
the coils 26 of the stator 19. 

FIG. 2B shows the plates 25 that are linearized for the explanatory 
reason. 

Leakage flux of the magnet 15 magnetizes the plate 25 when close to the 
magnet 15. Since adjacent magnets 15 have different polarity, the interaction 
of adjacent plates 25 results in a magnetic flux being concentrated on the end 
of the plate 25. 

The magnetic sensor 27 will be described below. When a current is 
applied to the magnetic sensor 27 through an idling resistor R (not shown) 
from a power source, a voltage signal is output from the magnetic sensor 27 in 
a direction orthogonal respectively to the direction of the magnetic flux and 
the direction of the current. FIG. 3 shows the relationship between the 
distance D from the axial end face of the rotor 17 to the magnetic sensor 27 
and a signal output by the magnetic sensor 27 as measured in a synchronous 
motor comprising four pairs of magnetic poles as described above. In the 
figure, the voltage signal output by the magnetic sensor 27 is converted to a 
flux density and expressed in units of milletesla (mT). The figure shows 
variation in the output signal when the distance D from the axial end face of 
the rotor 17 to the magnetic sensor 27 is taken to be 3 xxmi, 5 ram and 8 mm 
respectively. 

The voltage signal output by the magnetic sensor 27 has a value of 0 mT 
in the figure at the point P where the mechanical angle 0 between the S pole 
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and the N pole equals 22.5 degrees. The voltage signal displays sharp variation 
on either side of the point P. 

The output signal of the magnetic sensor 27 has a maximum positive 
value when facing the end of the plate 25 which corresponds to the N pole of 
the magnet 15. Conversely the output signal of the magnetic sensor 27 has a 
maximum negative value when facing the end of the plate 25 which corresponds 
to the S pole of the magnet 15. 

That is to say, in FIG. 2A, the output signal of the magnetic sensor 27 
undergoes sharp variation on the border with the point P. The output wave of 
a prior art magnetic sensor was sinusoidal. However the output of the 
magnetic sensor of the magnetic pole position detector according to this 
invention undergoes sharp variation when it passes the space between the 
plates 25. In other words, the output takes a maximum value near the border 
of the plates 25. The accuracy of detecting a pole position is therefore ensured 
even if there are fluctuations in the performance of the magnetic sensor 27 or 
deviations in the output voltage signal thereof. 

Referring now to FIGs. 4A - 4D, the output signal of the magnetic sensor 
27 undergoes sharp variation at intervals of an electrical angle of 180 degrees 
as shown in FIG, 4C when passing the space between the plates 25. A 
rectangular wave signal is obtained as shown in FIG. 4D by comparing this 
signal in a comparator with a predetermined value. An electrical angle is an 
angle obtained when one variation cycle of the output signal of the magnetic 
sensor 27 is taken to have a value of 360 degrees. Since the rotor 17 has four 
pairs of magnetic poles, a single rotation of the rotor 17 corresponds to four 
cycles of the output signal of the magnetic sensor 27. Thus an electrical angle 
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of 360 degrees corresponds to a mechanical angle of 90 degrees. 

Referring now to FIGs. 5A - 5 C, it is possible to discriminate magnetic 
pole positions at intervals of an electrical angle of 60 degrees from the output 
signal of the three magnetic sensors 27 due to the disposition of magnetic 
sensors 27 at 30-degree intervals at the three positions (1), (2), (3) facing the 
circular path of the plates 25. 

In this device also, the output signed of the magnetic sensor 27 is affected 
by the exciting current supplied to the coils 26 of the stator 19. However, the 
characteristic feature of the output signal of the magnetic sensor 27, i.e., a 
sharp variation about the border of the adjacent plates 25, does not change 
under the effect of the exciting current of the coils 26. Specifically, in this 
magnetic pole position detector, the length of the plate 25 in the peripheral 
direction of the rotor 17 is set to be longer than that of the magnet 15. This 
setting plays an important role to produce a sharp variation of the output 
signal of the magnetic sensor 27 about the border of the adjacent plates 25. 
The accuracy of detecting magnetic pole positions is thus ensured under the 
effect of the exciting current of the coils 26. 

Referring now to FIGs. 6A - 6C, possible variations in the disposition of 
the plates 25 will be described. In FIG. 1 , each of the plates 25 is recessed on 
the end plate 23. However the plate 25 may be disposed in various ways in 
this invention. For example, as shown in FIG. 6A, the plate 25 may be fixed 
on the end plate 23. As shown in FIG. 6B, half of the plate 25 may be 
recessed in the end plate 23. Furthermore as shown in FIG. 6C, the plate 25C 
may be fixed to an outer edge of the end plate 23. If the plate 25C is 
lengthened in the direction of the rotation shaft 21 as shown in the figure, it 
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is possible to dispose the magnetic sensor 27 on an outer side of the rotor 17. 

As described above, according to the magnetic pole position detector of 
this invention, a magnetic loop is concentrated on both ends of the plate 25, 
the phase shift of the output signal of the magnetic sensor 27 is not likely to 
occur, so the detection of the position of the magnetic poles of the rotor 17 is 
always performed with accuracy. 

A second embodiment of this invention will be described referring to FIG. 

7. 

This embodiment differs from the first embodiment only with respect to 
the structure of the rotor. The rotor 31 in this embodiment is provided with 
plates 33 made of magnetic materials on an inner periphery of the axial end 
face. The plate 33 is formed in the shape of a letter "T\ The vertical section 
of the letter "T" reaches an outer periphery of the rotor in a radial direction. 

This part functions as a magnetic passage 35 transmitting the magnetic 
flux of the magnet 15 to the plate 33. The horizontal section of the letter "T" 
is slightly arc-shaped. The distance between the horizontal section and the 
rotation shaft 21 is set shorter than the distance between the corresponding 
magnet 15 and the rotation shaft 21. The magnetic sensor is disposed to face 
a circular path on which the horizontal sections of the plates 33 travel. 

Since this embodiment disposes the plates 33 at a position away from the 
s tat or, it is possible to reduce the effect of the exciting current in the stator 
coils on the output current of the magnetic sensor. 

Next, a magnetic pole position detector of the motor 51 according to a 
third embodiment of this invention will be described referring to FIGs. 8 and 
9. 
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In this embodiment, the motor 51 is provided with an outer rotor 55 
having magnets 53 and a rotation shaft 59, and a stator 57 provided with coils 
56 and disposed on an inner side of the outer rotor 55. 

An end plate 61 of a non -magnetic body is fixed to an axial end of the 
outer rotor 55. A plate 63 in the shape of a letter "T" is fixed to the end plate 
61. The horizontal section of the plate 63 is disposed along the outer periphery 
of the outer rotor 55 as shown in FIG. 9. The vertical section of the plate 63 
reaches an inner periphery of the outer rotor 55 along the end plate 61. The 
vertical section functions as a circuit 65 transmitting the magnetic flux of the 
magnet 53 to the horizontal section of the plate 63. 

The magnetic sensor 27 is disposed to face an axial end face of the outer 
rotor 55 at a position proximate to the outer periphery of the outer rotor 55. 
A magnetic sensor 27 is fixed to the case 51A of the motor 51 facing the 
circular path of the horizontal part of the plates 63 as the outer rotor 55 
rotates. 

Since the horizontal part of the plates 63 in this embodiment is disposed 
along an outer periphery of the outer rotor 55 further from the stator 57 than 
the magnet 53, it is possible to dispose the magnetic sensor 27 at a position 
distant from the coils 56 of the stator 57, so the effect of the current flowing 
through the coils 64 on the magnetic sensor 27 is kept small. 

Referring now to FIGs. lOA and lOB, variations in the disposition of the 
plates with respect to the magnets will be described. These variations can be 
applied to any of the first to the third embodiments. 

In FIG. lOA, a rotor 71 is provided with a laminated steel plates functioning 
as a rotor core 73. Magnets 75 are recessed in the core 73. Plates 77 made of 

- 10 - 



magnetic materials are fixed to an axial end of the core 73. The plate 77 has a 
contacting part 79 that is fixed to the core 73 and functions as a magnetic 
passage that transmits the magnetic flux of the magnet 75 to the plate 77. 
Apart from the contacting part 79, a space 81 is formed between the plate 77 
and the core 73. Another space 83 is formed between two adjacent plates 77. 

In FIG. lOB, a rotor 91 is provided with a non-magnetic body 93 recessed 
in the core 73 between the contacting part 79 and the magnet 75. An end 
plate 95 made of non -magnetic materials is provided between the core 73 and 
the plate 77. In either of the structures shown in FIGs. lOA and lOB, the 
magnetic flux from the magnet 75 is introduced to the plate 77 by the contacting 
part 79, and the magnetic flux loop is concentrated on both ends of the plate 
77 which faces the spaces 83. 

Further variations in the disposition of the plates will be described referring 
to FIGs. IIA - 1 ID. 

These variations can be applied to any of the first to the third embodiments. 

Firstly in FIG. IIA, a rotor 101 is provided with a 1 core 103 comprising 
laminated steel plates and with magnets 105 recessed in the core 103. Plates 
107 made of magnetic materials are fixed to an axial end of the rotor 101 and 
respectively make contact Avith a corresponding magnet 105. Two adjacent 
plates 107 are separated by a space 109. A recess 111 is formed in the core 
103 under the space 109. The recess 111 may be filled with a non-magnetic 
material. The width of the recess 1 1 1 is set to be wider than that of the space 
109 while narrower than the distance between adjacent magnets 105. 

In FIG. 1 IB, a rotor 121 is provided with a core 123 comprising laminated 
steed plates and with the magnets 105 recessed in the core 123. The magnets 
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105 are covered by the core 123. Plates 107 made of magnetic materials are 
fixed to the core 123 on an axial end of the rotor 121, Two adjacent plates 
107 are separated by the space 109 and the recess 111 is formed in the core 
103 under the space 109 in the same way as in the rotor 101 of FIG. 1 lA. 

In FIG. 1 IC, a rotor 131 is provided with a core 133 comprising a laminated 
steel plates and Avith the magnets 105 recessed in the core 133. One axial end 
of the rotor 131 is covered by a non-magnetic plate 135, The plates 107 are 
disposed on one side of the non-magnetic plate 135 opposite to the magnets 
105 so that the non-magnetic plate 135 is gripped between the plates 107 and 
the magnets 105. Two adjacent plates 107 are separated by the space 109. 

In FIG. 1 ID, a rotor 141 is provided with a core 143 comprising laminated 
steel plates and with magnets 105 recessed in the core 143. The magnets 105 
are covered by the core. 143. One axial end of the rotor 141 is covered by the 
non-magnetic plate 135 in the same way as the structure of FIG. 11 C. The 
plates 107 are disposed on one side of the non-magnetic plate 135 opposite to 
the magnets 105. Two adjacent plates 107 are separated by the space 109. 

In any of the structures shown in FIGs. IIA - IID, the magnetic flux 
loop is concentrated on both ends of the plate 107 by forming the space 109 
between adjacent plates 107 or by disposing a non-magnetic body therebetween. 

A fourth embodiment of this invention will be described with reference to 
FIG. 12. 

This embodiment differs from the other embodiments with respect to the 
disposition of the magnets on the rotor. Specifically in this embodiment, 
pairs of two magnet components 21 OA, 21 OB of equal polarity are disposed on 
a rotor 201. Each pair of the magnet components 21 OA, 21 OB function as one 
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magnet and the pairs of the magnet components 21 OA, 21 OB are disposed at 
fixed intervals. Plates 220 made of magnetic materials are disposed at positions 
corresponding to the respective pairs of the magnet components 21 OA, 21 OB 
on an axial end face of the rotor 201. 

In all the rotors described earlier, the polarity of adjacent magnets was 
different. However it is possible to adapt this invention to the rotor 201 In 
which pairs of two magnet components 21 OA, 21 OB of equal polarity are 
provided to form a single magnetic pole. 

According to this embodiment, the output signal of the magnetic sensor 
sharply varies when it passes a space between the plates 220 by setting the 
width X of the space between the plates 220 to be smaller than the width Y of 
the space between the pairs of magnet components 21 OA, 21 OB having different 
polarity. 

A fifth embodiment of this invention will be described with reference to 
FIG. 13. 

This embodiment relates to the shape of the plates made of magnetic 
materials. 

The plates 25, 33, 63, 77, 107 and 220 used in the first to fourth 
embodiments are independent and are not in contact with each other. However 
in this embodiment, a disk 300 made of magnetic materials is divided into 
plate members 300A - 300H by forming radial grooves on the disk 300. The 
plate members 300A - 300H correspond to the single plates 25, 33, 63, 77, 107 
and 220 in the first to fourth embodiments. 

In this disk 300, the plate members 300A - 300H are in electrical contact 
with each other at a central section of the disk 300. However the plate 
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members 300A - 300H still concentrate the magnetic flux on both sides of the 
grooves 301. This is achieved by disposing the magnets of the rotor such that 
each of the grooves corresponds to the central point of the space between two 
adjacent magnets. With such an arrangement, the single disk 300 may 
replace the plates 25, 33, 63, 77, 107 and 220 of the first - fourth embodiments. 

A sixth embodiment of this invention will be described with reference to 
FIG. 14 and FIG. 15. 

A motor according to this embodiment is provided with a cylindrical rotor 

401 and a stator 402 facing the rotor 401 from an axial direction. The stator 

402 is fixed to the case 400A of the motor. The rotor 401 is provided with a 
cylindrical core 412. magnets 411 recessed at equal angular intervals in the 
core 412 as shown in FIG. 15 and a rotation shaft 410 extending in an 
opposite direction to the stator 402. The stator 402 is provided with coils 415 
of the equal number to that of the magnets 411. 

The polarity of the magnets 411 facing the stator 402 alternates one by 
one in the peripheral direction of the rotor 401. 

A collar 420 made of non-magnetic materials is fitted on an outer periphery 
of the rotor 401. Plates 430 made of magnetic materials are fixed at equal 
angular intervals to the outer periphery of the end plate 420. The width of the 
space between adjacent plates 430 is set to be smaller than that of the space 
between adjacent magnets 411. A magnetic sensor (not shown) is provided on 
a position facing the outer periphery of the rotor 401. In this manner, this 
invention may be applied to a motor which aligns a rotor and a stator in an 
axial direction. 

The contents of Tokugan (Patent Application No.) 2000-33500 with a 
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filing date of February 10, 2000 in Japan, and of Tokugan (Patent Application 
No.) 2001-11876 with a filing date of January 19, 2001 in Japan are hereby 
incorporated by reference. 

Although the invention has been described above by reference to certain 
embodiments of the invention, the invention is not limited to the embodiments 
described above. Modifications and variations of the embodiments described 
above will occur to those skilled in the art, in light of the above teachings. 

The embodiments of this Invention in which an exclusive property or 
g privilege is claimed are defined as follows: 
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